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Abstract 
Ionic liquids (ILs) are used as promising alternatives for the traditional volatile organic solvents employed in 
separation process, due to their unique properties and good solubility for many different materials. It has been used as 
extraction solvents for a wide range of environmental contaminates. In this paper, the main applications of ILs in 
separation of organic pollutants for sample preparation and pollution controlling are reviewed, and the problems and 
challenges in this area are also described. 
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1. Introduction 
Ionic liquids (ILs), composing of organic cation and either organic or inorganic anions, are known as 
molten salts that remain liquid over a wide range of temperature, including room temperature [1]. ILs have 
many unique physico-chemical properties such as enhanced thermal stability, high electrical conductivity, 
enlarged electrochemical window, highly polar, negligible vapour pressure, immiscibility with many 
organic solvents, high ability to dissolve many different organic, inorganic and organometallic materials 
and tunable chemical structures and physical properties. As a result, ILs are considered as promising 
alternatives to conventional volatile organic solvents which have potential environmental and health 
hazards [2]. As new green chemical solvents, the study of ILs becomes intensive in recent years among 
chemists and engineers.  
ILs can be used as solvents in chemical processes for synthesis, catalysis, electrochemistry, and 
extraction [3]. Since the research of ionic liquids used in liquid-liquid extraction by Rogers and his 
coworkers was reported firstly in 1998 [4], the number of research on pollutant separation using 
nonvolatile ionic liquids to replace volatile organic solvents is increasing rapidly in literatures [5,6]. 
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Separation processes with ILs can offer many advantages, such as simple regeneration of ILs, 
environmental protection. 
A brief overview of the application of ILs in separation and recycling of organic pollutants is present 
in this paper, with a special focus on their use as extraction solvents and absorbents in sample preparation 
and pollution controlling. Furthermore, the prospects of the ILs in pollutants separation techniques are 
discussed.  
2. Organic pollutants separation for sample preparation  
Identification and monitoring of organic pollutants play a vital role in the field of environmental 
protection. However, the concentration of organic pollutants in environmental sample is commonly at 
trace level. Extraction, which is one of the most popular methods of sample preparation including 
interferents removal and analytes preconcentration, is imperative in sample analysis. Because of 
negligible vapor pressure, non-Àammability and good solubility for organic compounds, ILs are useful in 
sample preparation and analytical chemistry [7, 8], such as, liquid-liquid extraction (LLE) [9, 10], liquid 
phase microextraction (LPME) [11,12], solid phase extraction (SPE)[13] and solid phase microextraction 
(SPME)[14-16]. Table 1 summarizes some representive examples of extractions of organic comtaminants in 
environmental samples. 
Fan et al. [9] studied simultaneous determination of phenols in water by ionic liquid [C4mim][PF6] 
based LLE coupled with high performance liquid chromatography (HPLC). Under the optimal conditions, 
the enrichment factor of IL for phenol, 4-nitrophenol, 2-nitrophenol, 2,4-dimethylphenol and bisphenol A 
were in the range of 9-151. The recoveries of the five phenols in water samples were in the range of 
8.9%-109.9%.  
Headspace LPME had been applied to efficient enrichment of phenols such as 2-nitrophenol, 
4-chlorophenol, 2,4-dichlorophenol, and 2-naphthol from water samples based on [C4mim][PF6] as an 
extractant by Ye at al. [11]. The results demonstrated that the enrichment factors of the proposed method 
were in the range of 17.2-160.7. The detection limit for each analyte ranged from 0.3-0.5 Pg/L. The 
addition of sodium ethylene diamine tetraacetate(EDTA) into the environmental water samples can solve 
the small effect on the enrichment.  
Zhou et al. [25] promoted a new approach for the determination of organophosphorus pesticides by 
temperature-controlled ionic liquid dispersive LPME prior to HPLC with ultraviolet detection. Under the 
optimal extraction conditions, methylparathion and phoxim exhibited good linear relationship in the 
concentration range of 1-100 ng·ml-1. The detection limits were 0.17 ng·ml-1 and 0.29 ng·ml-1. The method 
was successfully applied in the analysis of four real environmental water samples, such as rain water, 
ground water, reservoir water and river water. The spiked recoveries were in the range of 88.2-103.6%. 
Table 1 Extraction of organic contaminants from environmental samples for sample preparation 
Ionic liquids Organic contaminants Source Ref. 
[bmim][PF6] 
[omim][PF6] 
phenols 
Tap, lake water, underground water, 
etc. 
[9] 
[11] 
[17] 
[bmim][PF6] 
[bmim][BF4] 
[bmim][MEDGSO4] 
[bmim][MeSO4] 
organochlorine pesticides Soil samples [12] 
[omim][PF6] Organophosphorus pesticides Tap, well, rain and yellow river [18] 
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Ionic liquids Organic contaminants Source Ref. 
[hmim][PF6] water [25] 
[HDBIm] Br 
[HDBIm]Br 
[DDDDIm]Br 
Polycyclic aromatic hydrocarbons 
Reference sediment,  river 
harbor sediment 
[15] 
[19] 
[26] 
[omim][PF6] Polycyclic aromatic hydrocarbons 
Tap, rainwater, treated and raw 
wastewater etc. 
[20] 
[hmim][PF6] Aromatic amines Snow, river, brook water [21] 
[hmim][PF6] 
Dichlorodiphenyltrichloroethane and its 
metabolites 
Everglade, river, reservoir and 
snow 
[22] 
[bmim][ Tf2N] Aromatic compounds Tap, well, river and creek water [23] 
[bmim][PF6] Chlorobenzenes River water and effluent water [24] 
Meng et al.[16]studied solid-phase microextraction of polycyclic hydrocarbons using polymeric ionic 
liquid sorbent coating. The observed results clearly show that the benzyl-functionalized 
poly(VBHDIm+NTf2í) PIL exhibits higher extraction ef¿ciency towards many of the PAHs compared to 
a similar PIL lacking such functionalization. A solid-phase microextraction (SPME)–high- performance 
liquid chromatography approach was used, for the ¿rst time, to study the partitioning behavior of eight 
aromatic analytes(mainly polycyclic aromatic hydrocarbons and functionalized aromatic compounds) to 
three imidazolium-based ionic liquid micelles by Yao and the coworkers [26]. López-Darias et al.[27] 
studied determination of eighteen pollutants in waters, including polycyclic aromatic hydrocarbons and 
substituted phenols, with direct-immersion SPME using the polymeric ionic liquid 
poly(1-vinyl-3-hexadecylimidazolium) bis[(triÀuoromethyl) sulfonyl]imide as a novel coating material. 
The optimized PIL-SPME-GC–MS method was characteristic for presenting average recoveries ranging 
from 75.8% to 119% and from 77.9% to 110% for deionized and well waters, respectively. The precision 
of the method was also satisfactory, with average relative standard deviations of 11% for deionized 
waters and 12% for well waters.  
3.  Organic pollutants separation for controlling  
Ionic liquids are also used to separate organic pollutants from wastewater, waste gas, solid wastes and 
contaminated soil to eliminate environmental pollution. Some examples of organic contaminants 
separation for pollution controlling with ILs are summarized in Table 2.  
Table 2 Organic contaminants separation for pollution controlling 
Pollution source Ionic liquids Organic contaminants Ref. 
Waste water 
[omim][BF4] Phenolic compounds   [28] 
[bmim][PF6] 
[hmim][PF6] 
[hmim][BF4] 
[omim][PF6] 
Anionic dyes  [29] 
[bmim][PF6] Acid and reactive dye [30] 
Waste gas 
[Cnmim]+ 
[DMG]+  
[Aliquat]+  [Tf2N]
[TfO]  
[TFA] 
1,4-benzodioxane, biphenyl, xanthene, 
menthol 
Dioxins 
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Pollution source Ionic liquids Organic contaminants Ref. 
[SAC]  
[DCA]  
TMGL 
[TMGHPO2][BF4] 
[bmim][PF6] 
[bmim][BF4] 
Vinyl chloride [33] 
Solid wastes 
[emim][BF4] 
[PP13][ Tf2N] 
Polyamides 
[34] 
[35] 
Contaminated soil 
[bmim][PF6] [bmim]Cl PCP, DDT, dieldrin, and HCB [36] 
[bmim][PF6] Chlorinated aromatics 
[37] 
[38] 
Wan et al.[28] studied extraction of seven kinds of phenolic compounds, such as phenol, o-cresol, 
hydroquinone, 2-NP and others using [omim][BF4] ionic liquids. The results showed that extraction 
equilibrium can reach within 10 minutes. The distribution coefficient decreases gradually with increasing 
extraction temperature or decreasing the volume ratio of [omim][BF4] to aqueous. Hydrogen bonds are 
formed between the fluorine of the [omim][BF4] and the hydroxy of the phenolic compounds. 
Liquid-liquid extraction with imidazolium based ionic liquids was proposed for removal of anionic 
dyes including methyl orange, eosin yellow, and orange G from aqueous solutions by Pei et al.[29]. 
Extraction efficiencies of dyes were strongly affected by the pH of the aqueous phase. The partition 
coefficients of methyl orange increased but those of eosin yellow decreased with pH at low pH ranges, 
and they appeared to be constants at high pH ranges(pH=6.0). On the contrary, the partition coefficients 
of orange G remained constant in most of the tested pH range and then dropped considerably at 
pH!10.0-11.0. Under the optimized pH condition, 85-99% of methyl orange, almost 100% eosin yellows, 
and 69% of orange G were extracted into the ILs from water samples in a single extraction. Extraction 
efficiency for a given dye was found to increase with increasing temperature and increasing alkyl chain 
length of cation of the ILs. Thermodynamic studies revealed that the extraction process was driven by 
hydrophobic interaction of the anionic dyes and the ILs.  
Li et al. [30] investigated LLS of dyes using ionic liquid [bmim][PF6]. They found that acid dyes could 
be extracted with [bmim][PF6] quantitatively, and found that the increase of DCH-18-crown-6 
concentration in aqueous phases was helpful for the removal of the reactive dyes. The pH value had a 
great impact on the removal of the acid dye and the reactive dye. The partition coef¿cient of reactive 
Black KN-G2RC rises to its summit around pH 6.0. The partition coef¿cient of Acid Yellow RN is higher 
in acidic or near-neutral conditions than in basic solution, while removal of weak Acid Brilliant Blue 
RAW is not inÀuenced by the adjustment of pH. The results demonstrated that this separation route for 
the extraction of some water-soluble dyes is effective. 
Kulkarni et al. [31] used a series of imidazolium, ammonium and guanidinium-based ionic liquids to 
absorb 1,4-benzodioxane, biphenyl, xanthene, and menthol from the vapor phase. The results 
demonstrated that environmentally toxic organic vapors can be directly absorbed from gaseous sources at 
high temperatures and recovered from the ionic liquids phase by desorption under vacuum. Compared to 
the absorption process, the desorption process was very fast and takes only 12h for the complete 
desorption of organic vapors from ionic liquids. The appropriate combination of ionic liquid was crucial 
for achieving good selectivity in a given separation problem. The ammonium ionic liquids had the best 
absorption capacities. Kulkarni et al. [32] promoted an efficient approach for the absorption of dioxins, 
which are highly toxic compounds that mainly originate from incineration and combustion sources, from 
gaseous streams using thermally stable ionic liquids. The results showed that imidazolium cations having 
long alkyl side chains exhibit the highest absorption capacities, whereas the anion dicyanoamide [DCA] 
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had higher absorption capacity than other anions studied. The ionic liquid [C8mim][DCA] could absorb 
more than 14% of dibenzo-p-dioxin, 1,2,3,4-tetrachloro- dibenzo-p-dioxin  and 
2-chlorodibenzo-p-dioxin from a gaseous stream. Desorption of dioxins from the ionic liquid can be 
achieved under a high vacuum. Cheng et al. [33] developed a novel way to absorb industrial tail gas vinyl 
chloride, which is a highly reactive and toxic substance, using ILs. Experimental results showed that 
[TMGHPO2][BF4] was an excellent absorbent for vinyl chloride, and the vinyl chloride can be easily 
desorbed at higher temperatures and/or under vacuum, which makes ILs reusable. These results suggested 
that ILs can be used as alternative green solvents for gaseous organic pollutants absorption and 
desorption. 
Kamimura et al. [34, 35] reported the method of treatment of polyamides with ionic liquids. 
Depolymerization of polyamides was efficient at 300 °C. The recovered monomer was collected by direct 
distillation of the reaction mixture. The ionic liquids can be reused five times in the reaction. The method 
provides a new usage of ionic liquids that will serve as a key material for realizing zero-emission 
chemical recycling process of plastics.  
Khodadoust et al. [36] evaluated the extraction of several organic contaminants (OCs), such as PCP, 
DDT, dieldrin, and HCB, from two model soils, such as the glacial till and montmorillonite soils, with a 
hydrophobic IL ([bmim][PF6]) and a hydrophilic IL ([bmim]Cl). With the exception of DDT, extractions 
of OCs from montmorillonite using [bmim][PF6] (79-92%) were nearly as effective as extractions with 
acetone and ethanol (85-100%). The extraction of OCs from glacial till with ILs (15-61%) was less 
effective than extraction with organic solvents (59-100%). The [bmim]Cl was as efficient as [bmim][PF6] 
for extraction of OCs from glacial till, while [bmim][PF6] was more efficient than [bmim]Cl for 
extraction of OCs from montmorillonite. The results indicated that the hydrophilic IL was as effective as 
the hydrophobic IL for extraction of hydrophobic organic contaminants.  
Further treatment of ILs phase containing organic contaminants has to be considered for the 
destruction of the extracted compounds along with the recycling of the ionic liquids. The  chlorinated 
aromatics, such as 2-chlorophenol (2-CP), 4-chlorophenol (4-CP), 2,4-dichlorophenol (2,4-DCP), 
2,4,6-trichlorophenol 2,4,6-TCP), 2,3,4,5-tetrachlorophenol (2,3,4,5-TeCP) and pentachlorophenol (PCP), 
transferred to the ionic liquid phase can be subsequently degraded in situ under 253.7 nm UV 
radiation[37,38]. Phenol was found to be among the stable photo-transformation products of 2-CP in 
[bmim][PF6]. Addition of H2O2 at any concentrations in the presence of UV radiation resulted in small 
inhibition of the degradation rate of PCP in the ionic liquid. At low contaminant concentrations (less than 
1.57mM), the photodegradation reactions follow pseudo-¿rst-order kinetics. 
4. Perspectives  
ILs with simple structure made up of an anion and a cation have many fascinating properties that make 
them different from conventional volatile organic solvents. Designed and selected ILs have been explored 
in separations for sample preparation and pollutants controlling. The success of the method heavily relies 
upon the design and selection of specific ionic liquids.  
ILs have been advertised as ‘green’ solvents due to their unique properties. However, there are some 
general issues must be paid attention in the study of ionic liquids, which are cost, physical property, 
toxicity data and ILs recovery method.  
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